circuit size of the WPD by 43% compared with a conventional design whose ground-plane is 38 defected. Particle swarm optimization (PSO) technique is used to achieve size reduction. has overall dimensions of 9.38 × 11.51 mm 2 or 0.11 λg × 0.14 λg, which is compatible with 
INTRODUCTION 4 5
The Wilkinson power divider (WPD) is an essential component for power division or 6 7 combination, which is necessary in wireless communication systems due to the isolation 8 between its output ports [1] . These devices also find applications in mixers, balanced 10 amplifiers, and antenna arrays. The main challenge facing conventional WPDs is its large 11 12 circuit size, especially at low microwave frequencies, and limited bandwidth due to the use of for designing multi-band or wideband WPD [3] [4] [5] [6] [7] [8] [9] [10] . In [3] , a dual-band WPD is proposed 18 19 using a two-section transmission-line transformer with its output ports connected through a 20 parallel RLC circuit for improving its isolation at the two bands. At its two operating [5], a novel dual-band WPD is presented using the model of π-transmission-line in place of 27 the common quarter-wavelength transmission-line. In [6] , isolation between two output ports 29 is improved by adding a complex isolation component between two 90 transmission-lines at 30 31 an arbitrary phase angle from the input terminal; however, the design is band limited. Three-32 section transmission-line transformer is used to design a tri-band WPD in [7] . In 
43
More recently, the design of WPDs have become more compact [11] [12] [13] [14] [15] [16] [17] . For example, 44 45 in [11] the WPD is proposed using two section asymmetrical T-structures to achieve a 46 significant size reduction. The asymmetrical T-structure is realized by two series high- these designs are compact in size however their bandwidth is limited.
51
In this paper, a novel WPD is presented that operates over a wideband and is highly 
EQIVALENT MODEL REPRESENTING A QUARTER-WAVELENGTH

18
TRANSMISSION-LINE
20
The size of a quarter-wavelength transmission-line of given impedance Z is reduced by 21 22
replacing it with a pair of parallel transmission-lines of impedance Z1 and Z2 of electrical 23 24
lengths 1 and 2, respectively, as illustrated in Figure 2 . The proposed reduction technique 25 provides a wideband structure as discussed in [10] .
27
The admittance matrix for a transmission-line with characteristic admittance Y and electrical In relations (3) and (4), the electrical lengths are 2 < 90° < 1. In the proposed structure in Simplification of (5) reduces to: space, where the location of each particle is calculated using the objective function. By randomly given an initial quantity. Each particle has a location vector and velocity vector.
17
These particles start moving in the search space and find better locations by calculating the process, all particles update their velocity and location according to the best absolute and 25 26
local answers [22] . The location of each particle in population is calculated by adding the 27 velocity of the particle to its present location based on following relationship:
Where Xj (i) shows the location of the j th particle, and Vj (i) shows the velocity, and i shows 32 33
iterance of the velocity variable. The velocity is calculated using the relation: is inertia weight to control the particles velocity in laboratory repetitions.
50
Where θmin and θmax are, respectively, the initial values and the final inertia weight; and imax is given in Table 1 .
14 15
The functions to achieve the desired objectives are: The objective function can be defined as:
The PSO algorithm is written in MATLAB. The code very quickly performs analysis. A results algorithm for the optimized electrical lengths θ1 and θ2 are shown in Table 2 .
38 39
Based on Table 2 , to choose optimized θ1 and θ2, trial 86 will be chosen. Hence, in continue,
these results will be used. The final results from the PSO algorithm are shown in Table 3 . 22%. The WPD operates over 0.8-4 GHz for S11 < -10 dB.
56
Further size reduction of the proposed WPD was achieved by implementing DGS in the 58 ground-plane under the PPTLs to disturb the current distribution over it in order to increase 59 60 the structures effective capacitance and inductance [24] . The DGS pattern etched on the ground-plane is shown in Figure 6 . The effect of various DGS parameters, tabulated in Table   4  5 4, on the power divider's S11 response is shown in Figure 7 . The results show the center connectors. Figure 10 shows the insertion-loss, return-loss, and isolation performance of the 
EXPERIMENTAL RESULTS
45
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